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(54) CnOCOB nOiiyHEHU^ fHAPOnEPOKCHAA 3TW16EH30flA 



(57) Pecfcepa-r: 

H3o6peTeHne othochtca k 

Hec()TeXMMMMeCKOfi npOMblllineHHOCTM H MO)KeT 

6biTb ncnonb30BaHO b npc-Ljecce coBMecTHoro 
nonyMeHM« okmcm nponnneHa m CTupona. Uejib 
M3o6pereHUfl: noBbiiueHne ceneKTHBHOCTH 
o6pa3osaHHH rviAponepoKCMAa 3Tnn6eH3ona. 
nocTaaneHHafl ue/ib Aociwaercfl cnocoooM 
KHAKOcpa3Horo KaTannTunecKoro OKi/icnem/m 
3Tn/i6eH3ona ao ruAponepoKCMAa 3Tun6"ei-i3ona 
npn noBbiujeHHoti TeMnepaType 

KucnopoACOAepwaiAMM ra30M b npucytCTBUM b 
KaMecTBe KaTann3aTopa CMecu coeAHHeHMtf 
MeTannoB nocTosHHow saneHTHocTM 1a n/wnn 2a 
rpynn 3-ro n/nnn 4-ro nepnoAOB m nepeMeHHofi 
BaneHTHocTM 7 S/nnn 8 rpynn 4-ro nepuc-Aa 
cucTeMbi MeHAeneeBa, B3flTbix b cyMMapHOM 
KonnnecTBe b pacneTe Ha MeTawi 0,0001 - 
O.0031 Mac. % hpn cyMMapHOM BecoBOM 



C00TH0I1I6HMM MeTa/lJlOB nOCTOflHHOtf 

BaneHTHOGTn k MeTannaM nepeivieHHOii 
BaneHTHocTM, paaHOM 300-1:1-100. 
KaTannsarop MOweT 6biTb npeABapme/ibHO 
o6pa6oTaH npvi TeMnepaType 0-150°C 
KucnopoA- u/nnn a30TC0Aep>KainnM 
opraHvmecKMM coeAHHeHneM, u/wjih 
nepeKMCHbiM coeAHHeHMewi, h/h/ih osohom. B 
KanecTBe KucnopoACOAepwamux opraHUMecKnx 
coeAHHeHMti ncnojib3yjOT opraHWMecKyra 
ruAponepeKMCb, xeTOH, cnupT, Kap6oHOByto 
KMcnoTy unM mx CMecb, a b Ka^ecTBe 
a3orcx)Aep>Kainero opraHUMecxoro coeAMHeHMB 
ncnonb3yK)T ocHosaHne MaHHMxa, 
OKCMXMHOjinH-, a/iKHJi- ah an KMn rn Apo Kcnn a m n h 
m/im ux CMecu. OKMcneHne nposoAflT b KacKaAe 
M3 3-5 peaicropoB npn TeMnepaType 1 10-160°C. 
Kaia/in3aTop MoweT 6biTb BBeAeH b peaiaop c 

B03BpaTHblM 3TWl6eH30nOM. 4 3.n.0-Hbl. 
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(54) ETHYLBENZENE HYDROPEROXIDE PRODUCTION PROCESS 



(57) Abstract: 

FIELD: petrochemical industry. 

SUBSTANCE: invention is intended for use in 
combined propylene oxide-styrene production 
process. Invention consists in subjecting 
ethylbenzene to liquid-phase catalytic 
oxidation into ethylbenzene hydroperoxide at 
elevated temperature with oxygen- containing 
gas in presence of, as catalyst, mixture of 
compounds of constant-valence metals from 
3rd and/or 4th periods of 1a and/or 2a 
groups or variable-valence metals from 4th 
period of 7 and/or group, summary amount of 
metals being 0.0001-0.0031% (calculated as 
metals) and ratio of summary amount of 
constant-valence metals to that of 



variable-valence metals ranging from 300:1 
to 1: 100. Catalyst can be pretreated at 0 
to 150 C with oxygen- and/or 
nitrogen -containing organic compound, and/or 
peroxide compound, and/or ozone. Oxygen- 
containing organic compound may be organic 
hydroperoxide, ketone, alcohol, carboxylic 
acid, or their mixture, and 
nitrogen -containing organic compound may be 
Mannich base, hydroxyquinoline, alkyl- and 
dialkylhydroxylamine, or their mixtures. 
Oxidation is carried out in series of 3-5 
reactors at 110-160 C. Catalyst can be 
introduced into reactor with recycling 
ethylbenzene. EFFECT: increased selectivity 
of process. 5 cl, 16 ex 
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MaoepeTeHne othocmtch k 

Hecf>TeXMMMHeCKOH" npOMblUJ^eHHOCTM M MO)KeT 

6uTb ncnojibaoBaHO b npoijecce coBMecTHoro 
no/iyneHMfl okmcm nponwneHa m CTupo/ia. 

H3BecTHO, mto rwAponepeKMCM 

anKWiapoMaTUMecKwx ymeBOflopoflOB nonynaioT 
OKMcneHneM cooTBeTCTsyioi^ero yrneBOAopoAa 
npn nc-BbinieHHofl TeMnepaType b npMcyTCTBMM 
merioHHbix Ao6aBOK u MHnt^naTOpa OKHcneHnw c 
nocneflyKJinMM BbweneHMeM qenesoro npoAyicra 
naBecTHbiMH npneiwaMM (aBT. cb. CCCP 25988.4, 
icn. C 07 C 179/035 A, ony6n. 22.12.69 m Eion. 
N 3, 1979). 

flnfl noBbiweHMH ceneKTMBHocTM npotjecca 
OKucneHMq npoBOAflT b npucyTCTBun 
KaTann3aTopa - xpoMOHMKenesotf cra/iM, 
cc-Aepxamefl xpoM, HHKenb, TMTaH, MapraHei; m 
Ap. ripn 3tom KaTann3aTopOM MoryT cny>KMTb 
peaiaop nnn HacaAica b bma6 Konei^ mjim 
dpyxeK M3 yKa3aHHO^ CTanM. HeAOdaTKaMM 
AaHHoro cnocooa flBnaioTCfl HM3Kaa cxopocTb 
HaxonneHU^ npoflyxToa OKMcneHMfl m 
SHaMHTenbHoe coAepxaHMe KapooHOBbix khoiot 
b OKCMAaTe m, KaK cneflCTBue, 3HaMnre/ibHbie 
noTepM okmch nponnneHa Ha craAnn 
3noKcnflMpoBaHMJ? nponn/ieHa rMAponepoKCMAOM 
3Tnn6eH3ona. 

Han6onee 6/im3Kmm cnocoooM nonyneHMfl 
opraHvmecKHX TMAponepeKMcefi flB/iaeTCfl 
cnocoo" OKMcneHM« anKunapMaTMMecKnx 
yrneBOflopoflOB MoneKynapHbiM KMcnopoAOM b 
acviAKOfi 0a3e b npucyrcTBHn KaTann3aiopa. 
PeaiajHK) OKMCJieHMfl TaiOKe TepiwuMecKM 

HHUL^HMpyiOT Ma/lOyCTOtfHWBblMU COeAHHeHMHMM, 

HanpMMep, nepeio/icflMM m/im ruAponepeKMCflMH 
(aBT.cB. HCCP N 196648, xn. C 07 C 179/02, 
onybn. 15.11. 81). 

flna noBbiiueHMfl ceneKTMBHOCTH 
oGpasoBaHMfl rviAponepotccMAa 3TMn6eH30Jia, 
npeAnaraercn cnocoo" >KMAKOct)a3Horo 
KaTannTMMecKoro OKMcnenvm 3Tnn6eH3ona ao 
rMAponepoKCMAa 3Tnn6eH30Jia npw noBbiweHHOrt 
reMnepaType KMcnopoAOCOAepxamMM ra30M a 
npucyTCTBMM b KanecTBe KaTann3aTopa CMecu 
coeAHHeHMM MeTannoa nocTOHHHotf 
BaneHTHocTH 1a m/m/im 2a rpynn 3-ero n/nnn 
4-ro nepnoAOB n nepeMeHHofi saneHTHOCTM 7b 
m/m/im 8b rpynn 4-ro nepMOAa CMcreMbi 
MeHAeneeBa, B3flTbix b cyMMapHOM KonvmecTBe 
b paoieTe Ha MeTann 0,0001 - 0,0031 Mac.% 

npM CyMMapHOM BeCOBOM COOTHOLUeHMM 

MeTannoB nocTOAHHOtf BaneHTHocTM k 
MeTaruiaM nepeMeHHofl BaneHTHOc™, pasHOM 
300 - 1 : 1 - 100. Bo3MO)kho npoBeAeHne 
npeABapMTenbHOM o6pa6oTKM KaTann3aTopa npw 
0 - 150°C KMcnopoA m/mtim a30TCOAep>xainMM 
opraHHMecxHM coeAMHeHneM, n/nnn 
nepeKucHbiM coeAHHeHneM, h/mjim kmoiopoaom, 
m/m/ih 030HOM. B KanecTBe 

KMcnopOAcoAep>KaiAMX opraHUMecKnx 
coeAHHeHMPI Mcnonb3yioT opraHtmecicyK) 
ruAponepeKucb, KeTOH, cnupT, Kap6oHOByio 
KucnoTy nnn nx CMecb, a b KanecTBe 
a30TCOAep)xaiMero opraHnnecKoro coeAHHeHM^ 
ncnonb3yioT ocHOBaHne MaHHHxa, 
OKCMXHHO/iMH-, a/iKun-AnanKunrnApoKcunaMHH 
M/iM mx CMecu. OKucneHne npoBOA^T b KacxaAe 
H3 3-5 peaxTopoB npn TeMnepaType 1 10-160°C. 
KaTa/iM3aTOp noAatoT c B03BpaTHWM 
3Tnn6eH3onoM. 

B KanecTBe coeAHHeHMM, coAepjxaiMux b 
csoeM cocTase MeTa^i/ibi nocTOWHHOM 
BaneHTHocTM n MeTannbi nepeMeHHO^ 
BaneHTHOCTM, MoryT 6biTb ncnonb30saHbi caMbie 
pa3HOo6pa3Hbie HeopraHnnecKvie n/nnn 



opraHkNecxvte coeAHHeHM^, oah3ko Han6onee 
npeAnoMTMTenbHbiMM nejifltOTCfl OKMcnw, 
rMApooKMCM, xnopnAW, cynbc^aTw, cynbcj)viTbi t 

CynbC()MAbl, HMTpHAbl, HMTpaTbl, H/1H MX CMeCM, 

anKoronflTbi, 4>eHonflTbi, mMKonflTu, 

5 AUKeTOHaTbi m Kap6oKcnnaTbi, nonyneHHbie Ha 
ocHOBe moh-, ah- m nonMKap6oHOBbix 
anMc^aTMHecKMx, apoMaTM^ecKMx m 
anM4MKnMMecKMx Kap6oHOBbix kmoiot nnn mx 
CMeceC^. KaTa/iMaaTop MO>xeT 6biTb Mcnonb30BaH 

1Q b BMAe pacTBopoB, cycneH3Mrt MnM 3MynbCMfl 
coeAMHeHMM yKasaHHbix MeTannoB b mcxoahom 
LUMXTe, noAaBaeMO^ Ha OKMcneHMe, m/m/im 8 
pacTBopax, coAepxaiAMX Bee B03Mo>KHbie 
KMcnopoAcoAep>xaiAMe coeAMHeHMM, TaKMe KaK 
BOAa, cnMpTbi, nepoKCMAbi m rviAponepoKCMAbi, 

is KeTOH bi, npocTbie m cno>KHbie scfeMpbi MnM mx 
CMecM. B cnynae cxryu^ecTBneHMfl npoi^ecca 
oKMcneHMfl b KacKaAe peaxropoB MnM b 
ceKi^MOHMpoBaHHOM peaKTope KaTanM3aTop 
oKwcneHMfl Mo>xeT noAasaTbCfl b oahom noTOKe c 
cbipbeM, HaHMHaa c nepBoro peaKTopa mtim 

20 nepBOM era ceKUMM, MnM b KswcAbi^ peaKTop MnM 
ceKi^MK) b oTAenbHocTM. npeABapMTenbHaa 
o6pa6oTKa KaTariMaaTopa opraHMHecKMMM 

KMCnopOAOCOAepjKaLMMMM COeAMHeHMflMM, 

T3KMMM Kax, HanpMMep, opraHMHecKMe 
TMAponepeKMCM, KeTOHbi, cnMpTbi, opraHMnecKMe 

25 KMcnoTbi MnM npocTbie mtim cnoxHbie 34)Mpbi a 
npMcyTCTBMM opraHMsecKoro mtim 

HeopraHnnecKoro a30TcoAep>xaiAero 
coeAMHeHMM m/m/im MO/iexynflpHbiM KucnopoAOM 
M/MnM 03ohom b MHTepsane TeMnepaTyp 

30 0-1 50 °C no3Bon«eT nonyMMTb AononHMTenbHbiti 
ac}x£eKT no noBbiiueHMfo cenexTMBHocTM m 
ckopoctm o6pa30BaHM« rMAPonepoKCMAa 3a oieT 
nepeBOAa KaTanMsaTopa b axTMBHbiM KOMnnexc. 

OcyiAecTBneHMe npoi^ecca b yKasaHHbix 
ycnoBMflx no3BormeT noBbiCMTb ceneKTM BHOCTb 

35 o6pa30BaHMH TMAPonepoKCMAa 3TMn6eH3ona, 
CHM3MTb coAep^aHMe KapOOHOBblX KMCnOT B 
nonynaeMOM OKCMAaTe. 

npMMep 1. OKMcneHMe 3TMn6eH3ona 
KMcnopoAOM B03Ayxa OCyi^eCTBnflKDT 
naGopaTopHoPi ycTaHOBKe, CHa6>xeHHOM 

40 OSpaTHbIMM BOA^HblMM M ymeKMCnOTHblMM 
XOnOAMnbHMKaMM, CMCTeMaMM A03MpOBaHMH M 

TepMoperynMpoBaHMfl, npM TeMnepaType 130°C 
m oSiseMHO^ ckopoctm noAaHM B03Ayxa 250 
m * 1 . 3TMn6eH3on noAaioT co CKopocTbw 4 

45 Monb/n. B noAaBaeMOM Ha OKMcneHMe 
3TMn6eH3one coAep>KMTCJi KaTanMsaTop, 
cocTOHiUMfl M3 0,00001 Mac.% 6eH3oaTa >xene3a 
a pacneTe Ha MeTann, m 0,003 Mac. % CMecM 
tmapookmcm m Kap6oHaTa HaTpMfl b pacneTe Ha 
H3TpM^. — npM 3Tom cooTHoujeHMe Na/Fe 

50 cocTaBnfieT 300 r/r t KOHi^eHTpai^Mfl 

KaTanM3aTopa b pacneTe Ha MeTannbi 0,00301 
Mac.%. 

Ha Bbixcfle ms peaKTopa oKMcneHMs? 
nonynaHDT oKMcneHHbiM 3TMn6eH3on, 
coAep>xaiAMCi 0,2953 MOJib/n rriOB m 0,0031 

55 Monb/H, KMcnoT b nepecneTe Ha 6eH30«Hy»o 
KMcnoTy (BK) m 0,0247 Monb/n ocTanbHbix 
no6oHHbix npoAyxroB - B OCHOBHOM 
ai^eTocfceHOH, MeTnn4)eHMJiKap6oHon, 
6eH3anbAerMA- TMAponepexMCb 3TMn6eH3ona 

6Q onpeAensnacb MOflOMeTpMMecKMM TMTpoBaHMeM, 
cocTaB opraHMHecraM nacTM OKCMAaTa 
ra3C)KMAKocTHovi xpOMaTorpacfweM, kmcxiotu - 

TMTpOBaHMeM CnMpTOBblM paCTBODOM u^enoHM c 
MeTunopaHxeabiM a cpeAe aueTOHa. 

KoHBepcMH 3TMn6eH3ona cocTasn^eT 8,1%. 
Bwxoa rn36 m BK Ha npopearvipOBaBUJM^ 
3TMn6eH3on 91,11 m 0,96 moji.% 
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C00TB6TCTBeHH0. 

npMMep 2. OKvicneHne 3Tnn6eH3ona 
KMcnopoAOM B03/\yxa ocymecTsnfliOT Ha 
na6opaTOpHofl yciaHOBKe, onncaHHofl b 
npMMepe 1, npn 110°C m o&beMHOfl ckopoctm 
noAaMM Boaflyxa 250 m" 1 . A^fl OKMcneHUji 
ncnojiwyjOT 3Tun6eH3on, coAepwatntifl 
KaTa/]M3aTop, cocTOflinwfl na 0,0003 Mac.% 
OKCuxuHO/iMHa, 0,00001 Mac.% cfcTa/iaTa 
MapraHna b pacneTe Ha MeTann, 0,003 Mac.% 
CTeapaTa KanbijMfl b pacMeie Ha KanbijMft. 
CooTHoiueHne Ca/Mn cocraBruuio npn stom 300 
r/r, KOHi^eHTpaunfl KaTann3aTopa 0,00301 Mac.% 
b pacMeie Ha MeTannw, 3Tnn6"eH3on noAaioT b 
peaiaop oKucneHMA co CKopocrbK) 4 Monb/n. 

Ha Bbixofle H3 peaicropa nonynaioT 
OKucneHHbifl 3Tnn6eH3on, coAepwaiuMfl 0,345 

MO^b/M ITI36, 0,0019 MOJlb/M KHCTIOT B 

nepecveTe Ha 6K w 0,0451 Monb/H ocTanbHbix 
no6cNHbix npoflyKTOB. 

KoHBepCMfl 3TH/i6eH3ona cocTaBnaeT 9,8%. 
Buxoa IT136 m BK Ha npopearnpoBaBOJkifi 
3TM/i6eH30/i 88 n 0,49 moji.%. cootbbtctbshho. 

flpMMep 3. OKkicneHne 3Tnno"eH3ona 
KUcnopOAOM B03Ayxa ocymecTBnfliOT KaK b 
npuMepe 1. B 30Hy peaKijMM bboaat 3Tnn6eH30/i, 
coAepwamutf Karann3aTOp, cocTOflmntf M3 
0,0005 Mac.% aLjeTwnaijeTOHaTa xeneza b 
pacneTe Ha MeTann, 0,00001 Mac. % cfceHonaTa 
Kanna b pacMeie Ha MeTann m 0,0002 Mac.% 
2,"6-AMTpeT6yTnn-4-AMMeTvinaMHHOMeTMn0eHO/i 
a (ocHOBaHne MaHHuxa). ripn stom 
cooTHOujeHvie K/Fe cocraBnaeT 1:50 r/r, 
KOHL^eHTpaqufl KaTanu3aTOpa 0,00051 Mac.%. b 
pacneTe Ha MeTannw. UJuxTa, noAaBaeMaa Ha 
OKucneHne, nepeA noAanefl b peaiaop 
BbiAepxcviBaercfl npn 130°C s TeneHMe 1 mmh. 

Ha BbixoAe H3 peaiaopa nonynaioT 
OKMcneHHbi^ 3Tnn6eH3on, coflepHcaiUMfi 0,3326 
Morib/n IT13E. KoHBepcufl 3Tnn6eH3ona 
cocTaan*eT 9,3%. -Bwxoa ITI36 
npopearnpoBaBtuuM 3TMn6en3on 89,4 Mon.%. 

npuMep 4. OKMcneHne 3Tnno"eH3ona 
KnoiopoAOM BOSAyxa ocymecTBnflioT xax b 
npuMepe 1. B 30Hy peaKL\nn bboaht 3Tnn6eH30Ji, 
coAepwaiAHfl b bwa© cycneH3MM cMecu 0,0001 
Mac.% okmcm HHKena b pacneTe Ha MeTann, 
0,00001 Mac.% drmara Mamnfl b paoieTe Ha 
MeTarin n 0,05 Mac.% nepeKucn BOAopoAa. I~!pn 
stom cooTHOiueHne Mg/Ni cocTasnfleT 1:10 r/r, 
KOHLjeHTpaijwfl KaTa/insaTopa 0,00011 Mac.% b 
pacneTe Ha MeTannbi. nepeA noAanen b 
peaiaop OKMcneHMfi 3Tnn6eH3on, coAepwamHfl 
nepOKCMA BOAopoAa m coeAHHeHua MeTannoB, 
HarpesaiOT ao TeMnepaTypu 100°C n 
BbiAep)KHBaioT npn stom TeMnepaType 15 c. 

Ha BbixoAe H3 peaiaopa nonynaioT 
OKMcneHHbi^ 3TMn6eH30/i, coAepwaLAMfi 0,324 
Morib/H rnsB. 

KoHBepcua 3Tn/i6eH3ona cocTaBnaeT 8,1%. 
Bwxoa rriOB Ha npopearupoBaBUJMfi 
3Tnn6eH3on 90,3 moh.%. 

npuMep 5. OKMcneHne 3Tnn6eH3ona 
KMcnopoAOM B03Ayxa ocymecTBnflioT KaK b 
npuMepe 1 . 

B 30Hy peaKL^nn bboaht 3Tn/i6eH3on, 
coAepjKau^n^ cycneH3nio 0,0001 Mac.%. 
cy/ibcfcaTa HaTpufl n 0,0005 Mac.% HmpaTa 
Ko6anbra b pac^eTe Ha MeTann. CooTHOLueHne 
Na/Co 1:5 r/r, KOHL^eHTpaqua KaTa/iM3aropa 
0,0006 Mac.% b pacneTe Ha MeTannbi. 
npuroTOB/ieHHyio cycneH3Mio coeAMHeHM^ 
HaTpufl v\ KoGanbTa b BOAe npeABapmenbHO 
nepeA bboaom b peaiaop o6pa6aTbiBaK3T npn 
TeMnepaType 150°C kmctiopoaom BOSAyxa b 
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TeHeHue 8 mmh. 

Ha BbixoAe M3 ycTaHOBKM no/iynaioT 
OKMcneHHbift 3TM/i6eH3on, coAepacainufi 0,353 
Monb/H rnoB. 

KoHBepcufl 3Tnn6eH3ona cocTaB/ifleT 9,7%. 
Bwxoa mSB Ha npopearMpoBaBwufl 
3TM^6eH3on 91,02 Mon.%. 

npuMep 6. OKMcneHMe 3Tnn6eH3o/ia 
KMcnopoAOM B03Ayxa ocymecTannioT Ha 
na6opaTopHOfl ycTaHOSKe no npuMepy 1 
comacHo npeAnaraeMOMy cnoco6y npn 150°C 
m o6i>eMHoft ckopoctm noAaMM B03Ayxa 100 
h " 1 . 3TM^6eH3on m KaTanM3aTop, coAepjKai^n^ 
pacTBopeHHbie coeAMHeHUP >Kene3a a 
KonnnecTBe 0,0001 Mac.% b pacneie Ha 
MeTann, nony^eHHbie Ha ocHOBe 
rpuMeTunnnToso^ KwcnoTbi, m 0,0005 Mac.% b 
pacMeie Ha MeTann npon3BOAHoro, nonyneHHoro 
Ha ocHOBe KOH m 

6eH3on-1, 2,3,4, 5-TeTpaKap6oHOBOM 
(nupoMennnToaofl) KucnoTbi, noAaioT co 
CKopocxbio 4 Monb/M. CooTHOiueHMe Me)KAy K/Fe 
paBHo 5:1 r/r, KOHL^eHTpai^Mfi KaTanM3aropa 
0,0006 Mac.% b pacneTe Ha MeTann bi. 

Ha BbixoAe H3 ycTaHOBKn nonynaioT 
OKucneHHbJM 3Tnn6eH3on, coAep>KaiAMM 0,56 
Monb/n rnsB. 

KoHsepcufl 3Tnn6eH3ona cocTaanaeT 15%. 
Bwxoa rri3B Ha npopearnpoBaBLUMM 
3Tnn6eH3on 92,1 Mon.%. 

npuMep 7. OKMcneHMe 3Tnn6eH3ona 
KucnopOAOM B03Ayxa ocymecTanfliOT KaK b 
npwMepe 6. B 30Hy peaxqwH bboa^t 3Tnn6eH3on, 
KaTannsaTop, coAep)KaL4M« 0,0006 Mac. % s 
pacneTe Ha peaKi^noHHyio Macy CMecu 
aAnnnHaTOB Kanbunsi n )Kenesa KOHLjeHTpauHefi 
0,0005 n 0,0001 Mac.% b pacneTe Ha MeTann 

COOTBeTCTBeHHO, B3J1TblX B BeCOBOM 

cooTHOnieHMM Ca/Fe, paBHOM 5:1, m 
coAep>KaiAHM Taioxe 0,001 Mac.% 
MeTunopeHnnKapGnHona, 0,01 Mac.% 
ai^eTocjDeHOHa m 0,015 Mac.% ruAponepeKucn 
3Tnn6eH3ona. 3Tnn6eH3on Taxoro cocTaBa 
noAaioT Ha OKucneHne npH 150°C. 

Ha BbixoAe M3 ycTaHOBKM nonynaiOT 
OKMcneHHbJ^ 3Tnn6eH3on, C0Aep>KaiAM^ 0,572 
Monb/n m3B. 

KoHBepcuji 3Tnn6eH3ona cocTaBnweT 15,3%. 
Bwxoa rn3B Ha npopearnpoBaBiUMW 
3Tnn6eH3on 93,2 Mon.%. 

flpuMep 8. OKMcneHMe 3Tnn6eH3ona 
KMcnopoAOM B03Ayxa ocyiAecTBnflioT KaK b 
npHMepe 6. B 30Hy peaKqun bboaat 3TMn6eH3on, 
coAep>KaiAM« b KanecTBe KaTann3aTopa 0,005 
Mac.% MeTnnctieHnnKap6MHona, 0,005 Mac.% 
ai4eToc>eHOHa, 0,005 Mac.% rMAponepeiaicn 
3Tnn6eH3ona, 0,005 Mac.% nepeKvicn BOAopoAa 
h 0,001 Mac.% CMecu pesnHaTOB Kani/ia, 
KanbL\MR, MarHvin n MapraHi^a, B3flTbix b BecoBOM 
cooTHOiueHMM (K + Ca + Mg)/Mn, paBHOM 12:1. 
3Tnn6eH3on, coAepxaii^n^ KaTann3aTop, nepeA 
noAaneft b peaiaop OKHcneHMfl noAorpesaeTCfl 
AO 150°C m BbiAepwuBaeTCfl npM sto^ 
TeMnepaType b TeneHwe 10 mmh. 

Ha BbixoAe H3 peaiaopa nonynaioT 
oKucneHHWM 3Tnn6eH3on, coAep>Kamntf 0,55 
Monb/n rnsB. 

KoHBepcufl 3Tnn6eH3ona cocTaBnfleT 14,8%. 
Bwxoa m3B Ha npopearnposaBiUMM 
3TMn6eH3on 92,7 Mon.%. 

flpMMep 9. OKucneHne 3Tnn6eH3ona 
KMcnopoAOM B03Ayxa ocytAecTsnfliOT KaK b 
npMMepe 6. B 30Hy peaiqun bboa^t 3Mynbcwo 
KaTann3aTopa, cocTOflmyio M3 3TMn6eH3ona, 
coAepwamero 0,01 Mac.% 
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MeTH^4)eHM/iKap6MHO/ia, 0,005 Mac.% 
auerocjieHOJia m 0,08 Mac. % ruAPonepeKucn 
3TM/i6eH30/ia m 0,0009 Mac.% a pacMeTe Ha 
MeTarm cMecu r/iMKo/iflTa HaTpn« n Ka/ibijMfl n 
reKcarnApoo>TajiaTOB xeneza m MapraHija a 
TpM3TnneHmnKO/ie, bsatux 8 BecoaoM 
cooTHOiueHMM (Na+Ca)/(Fe+Mn), paBHOM 6:1. 

Ha BbixoAe H3 peaiaopa OKMcneHMfl 
nonynaioT OKMCineHHbiM 3Tnn6eH3on, 
coAep>KamviM 0,605 MOJib/H ITI35. 

Kc-HBepcHfl 3Tnn6eH30/ia cocTaanaeT 16,1%. 
Bbixofl rn35 Ha npopeampoBaBLunfl 
3TMJl6eH30Jl 93,8 moji.%. 

npMMep 10. OKMCJieHne 3THJi6eH3ona 

KUCJlOpOflOM B03flyxa OCyiHeCTBJlJlKJT K3K B 

npuMepe 6. B 30Hy peaiqMM bboaat 3Tnn6eH3on 
n KaTannaaTop, coAepwamMtf 0,0009 Mac % 

CMeCM COeflMHeHMM HMTpMTa HaTpHfl, 6eH30aTOB 

Ka/ibi^Mfl n >Kene3a, a Taiwe x/iopufla MapraHL^a, 
B3flTux b aecoBOM cooTHomeHMM b pacMeTe Ha 
MeTaji/i (Na+Ca)/(Fe+Mn), paBHOM 6: 1, m 
coAepwaineM Taiwe 0,01 Mac.% 
MeTunc^eHMnKapdnHona, 0,005 Mac.% 
aLjeToefceHOHa m 0,008 Mac.% rMflponepeKucn 
3Tnn6eH3ona. B 3Ty CMecb nepeA bboaom b 
peaiaop bboahtca TaioKe 0,0001 Mac.% 

OKCHXHHOJll/IHa. 

Ha BbixoAe us peaiaopa nonynaiOT 
OKHcneHHbiw 3Tnn6eH3on, cc-Aepwami/ifi 0,57 
Monb/H ITI3B. 

KoHBepcn« 3TM/i6eH3ona cocTaarmeT 
15,41%. Bwxoa ITI36 Ha npopearupoBaBiuwfi 
3TM/i6eH3on 92,5 Mon.%. 

ripuMep 11. OKwcneHne 3Tnn6eH3ona 

KMCnopOAOM BOSAyXa OCyi^eCTBXlflK)T K3K B 

npuMepe 6. B 30Hy peaiajMM bboaat 3Tnn6eH3on, 
coAepKamnCH 0,001 Mac.% b pacMeTe Ha 
peaKUMOHHyio Maccy CMecu rnuKOJiHTa HarpMJi m 
cfceHO/iflTa wenesa, BSHTbix b bccobom 
cootholubhmm Na/Fe, paBHOM 1:100. B wwxTy Ha 
OKi/icneHUG, coAepwamyio. CMecb coeAHHeHMM" 
MerannoB nocTOAHHofi m nepeMeHHotf 
BaneHTHOCTn, bboaht oKHcneHHbifi 3wi6eH3on, 
coAepwainMM 25 Mac.% rviAponepeKHCM m 0,0001 
Mac.% AH3TMJirnApoKCnnaMHHa. CMeweHwe 
pacTBopoB npon3BOAflT npn 100°C a TeneHne 1 
mmh. CoAep)KaHMe ruAponepeKucn 3Tnrj6eH3ona 
b nonyneHHOM WMXTe na OKHcneHMe 0,5 Mac.%. 

Ha BbixoAe H3 peaiaopa OKucneHMfl 
no/iynaioT oKucneHHbiM 3TMnoeH3on, 
coAepKainnM 0,56 Monb/n 17135. 

KoHBepcufl 3TMji6eH3ona cocTaBrmeT 
15,23%. BuxoA m3B Ha npopearnpoBaBUJMM 
3Tnn6eH3on 91,8 moji.%. 

ripuMep 12. OKucneHne 3Tnn6eH3ona 
KucnopoAOM B03Ayxa ocymecTB/iflioT KaK b 
npuMepe 6. B 30Hy peaiqun bboaht b KanecTBe 
KaTann3aTopa 0,0025 Mac.% b pacneTe Ha 
peaKi^noHHyio Maccy CMecu cynbcpnAa Haipn^ n 

OKCMXMHOJIflTa )Kene3a, B3flTblX B BeCOBOM 

cooTHomeHMM Na/Fe, paBHOM 100:1, s BMAe 
pacTBopa b 3Tn/i6eH30/ie, noAasaeMOM Ha 
OKMcneHne. PacTBop OKCuxuHonflTa wejie3a m 
cynbQ>MAa HaTpua b 3rn/i6eH30/ie nepeA nx 
BBeAeHneM b ujuxiy Ha OKHcneHMe . 
o6pa6aTbiBaioT 030hom npn 25°C b TeneHne 5 

MMH. 

Ha BbixoAe M3 peaiaopa no/iynajoT 
OKucneHHbiPi 3Tnn6eH3on, coAepKamnCi 0,62 
Monb/n rn36, 0,0035 Monb/n kmoiot b 
nepecneTe Ha 5K m 0,022 mojWh ocTanbHbix 
noCoHHbix npoAyKTos. 

KoHBepcufl 3Tnn6eH3ona cocTaBjifleT 
15,63%, BbixoA rn3B m 5K Ha 
npopearnpOBaBiunCi 3Tnn6eH3on 95,8 m 0,48 
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MOJ1.% COOTBeTCTBeHHO. 

flpMMep 13. OKucneHH 3Twn6eH3o/ia 
KHcnopoAOM B03Ayxa ocymecTanHioT a KacKaAe 
M3 nflTM peatcropOB npn TeMnepaiype 1 50 °C, 
noAa^e 3Tn/i6eH3ona 4 Monb/n m o6*b8MHOfl 
cKopocxM noAann B03Ayxa 100 H* 1 . 

B 30Hy peaKi^nn nepBoro peaiaopa bboa^t 
3THJi6eH30/i, coAep^a^^ 0,0005 Mac. % b 
pacneTe Ha peaKUMOHHyio Maccy CMecu 
6eH3oara a o>eHO/iflTOB HaTpun n Kene3a, 
B3^Tbix b BecoaoM cooTHotueHUM Na/Fe, paBHOM 
50:1. B pacTBop coeAHHeHMM Ke/ieaa m HaTpMfl b 
3TM^6eH3one nepeA BBeAeHneM b tunxTy Ha 
OKucneHne bboaat ocHOBaHne MaHHuxa b 
KonnnecTBe 0,0001 Mac.% npn 30°C. B 
ocra^bHbie peaiaopbi KacKaAa Aono/iHMTenbHo 

BBOA^T no 1 MaC.% 3THJl6eH30JlbHOfi LiJUXTbl, 

coAep)KameM KOMnoHGHTbi KaTa^MsaTopa. 

Ha BbixoAe M3 nocneAHero peaiaopa 
KacKaAa no/iynaioT oicvicneHHbifl 3Tnn6eH3on, 
coAepxaii^nCi 0,62 Monb/M m3B, 0,0035 Monb/M 
KucnoT a nepecneTe Ha 5K m 0,022 MO/ib/H 
ocranbHbix noGoHHbix npoAyiaoB. 

KoHBepcufl 3Tnn6eH30/ia cocTaenyieT 
15,63%. Bwxoa m3B m BK Ha 
npopeampOBaBiLiufl 3Tnn6eH3on 95,8 n 0,48 

MOJl.% COOTBeTCTBGHHO. 

ripuMep 14. OKMcneHne 3Tnn6eH3ona 
KucnopoAOM B03Ayxa ocymecTB/iflioT ksk b 
npMMepe 13. B pacTBop coeAHHeHM^ >Kene3a m 
naTpwfl b 3Tnn6eH30/ie nepeA nx BBeAeHneM b 
ujHxry Ha oKncneHne bboaht CMecb ocnoBaHn« 
MaHHwxa m STunrnApOKcnnaMMHa b Ko/innecTBe 
0,00015 Mac.%, npeABapnTenbHO 

o6pa6oTaHHyio cMecbio, C0Aep)KaLnePi 25 Mac.% 
rnAponepeKMcn 3Tnn6eH3ona n 2 Mac.% 
nepeKMcn BOAopoAa, npvi 50 °C b TeneHne 20 
mmh. B ocTanbHbie peaiaopbi KacKaAa 
AononHMTenbHo bboaat no 1 Mac.% 
3TM/i6eH30/ibHOM ujMXTbi, coAepxau^eM 
KOMnoHeHTbi KaTariM3aTopa. 

Ha BbixoAe M3 nocneAHero peaiaopa 
KacKaAa nonynaioT oKMcneHHbifi 3TMn6eH3on, 
C0Aep>Kai4M^ 0,58 Morib/M m3B. KonaepcMfl 
3TMn6eH30Jia cocTaanneT 15,63%. BbixoA ri13B 
m BK Ha npopearMpoBaBLUM^ 3TMn6eH3on 92,73 

MOJl.%. 

npMMep 15. OKMcneHMe 3TMn6eH3ona 
KMcnopoAOM B03Ayxa ocyu^ecTBnwioT b KacKaAe 
M3 Tpex peaiaopoa no MeTOAMKe npMMepa 13. B 
pacTBop coeAMHeHMM ^<ene3a m HaTpMfl b 
3TM/i6eH30Tie nepeA mx BBeAeHMeM b lUMXTy Ha 
OKMcneHMe bboaat CMecb ocHOBaHMfl MaHHwxa m 
oKCMXMHonMHa b KOfiMMecTBe 0,00015 Mac.%, 
npeABapMTe/ibHO o6pa6oTaHHyio CMecbio, 
coAep>KatHe^ 25 Mac.% fm Apo n e peKM cm 
3TMn6eH3o/ia, no 2 Mac.% aueTOO>eHOHa m 
MeTMnc|)eHMnKap6MHona, 0,4 Mac.% 6eH30MHO^ 
KMcnoTbi, 0,02 Mac. % cpeHoria m 0,1 Mac.% 
6eH3a/ibAerMAa npM 0°C b TeneHMe 40 mmh. B . 
ocTa/ibHbie peaiaopbi KacioAa Aono/iHMTenbHo 

BBOAHT no 1 MaC.% 3TMJl6eH30nbH0M LUMXTbl, 

coAep>KameM KOMnoHeHTbi KaTanM3aT0pa. 

Ha BbixoAe M3 nocneAHero peaiaopa 
KacKaAa nonynaiOT oKMcneHHbiM 3TMn6eH3on, 
coAep>KaiAMM 0,57 Monb/n ITI35. 

KoHBepcMfl 3TMJi6eH3ona cocTaB/ineT 15,9%. 
Buxoa rn35 Ha npopearMpoBaBLUMM 
3TMn6eH3on 92,1% mo/i. 

npMMep 16. OKMcneHMe 3TMn6eH3ona 
KMcnopoAOM B03Ayxa ocyu;ecTBnflioT KaK a 
npMMepe 6. B 30Hy peaKL^MM bboa^t ulimxty, 
cocTOfliAyio ms 3TMn6eH3ona, coAep^Kau^ero 0,01 
Mac.% MeTMjicf)eHMjiKap6MHOJia, 0,003 Mac.% 
ai^eToc>eHOHa m 0,005 Mac.% TMAponepeKMCM 
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3Tnn6eH30Jia, h 0,0008 Mac.% 8 pacneTe Ha 
MeTann cmocm 6eH3oaTa h $opMnaTOB HaTpwa n 
>Kene3a, bsatwx b BecoBOM cooTHOUieHvm Na/Fe, 
paBHOM 7:1. Becb KaTann3aTop bboahtca c 
noTOKOM B03BpaTHoro 3Tnn6eH3ona, 
nocTynawmero Ha ysen npnroToaneHM« ujhxtu 
co cTaflkifi yKpenneHHfl OKwcneHHoro 
3Tnn6eH3ona m pa^qeneHMfl anoKCHAaTa. 

KOJIMMeCTBO BO3BpaTHOr0 3TMJl6eH30na B 
3TMn6eH30J1bHO« LiJMXTe COCTaB/lfleT 80%. 
OKMcneHne npoBOA*T npM 160°C. 

Ha Bbdxo,qe W3 peaicropa oKHcneHua 
nonyMaraT OKMcneHHbifi 3Tnn6"eH3on, 
coAepJKau^HM 0,602 MO/ib/H IT135. 

KoHBepcun 3Tnn6eH3ona cocTaBrmeT 16%. 
Bbixofl ITI3B Ha npopearwpoBaBWMfi 
3TM/i6eH3on 91,2 Mon.%. 

Mcno/ib308aHne a npoi^ecce nojiyneHMn 
ITI3B npeonaraeMoro KaTann3aTopa e 
Ko/innecTBe 0,0001-0,0031 Mac.% b pacneTe Ha 
peaKL^noHHyK) Maccy nosBonaeT nonynnTb 
OKHcjieHHbiii 3wioeH3on, coAepwaiAHfi ao 16 
Mac.% rn35 c ceneKTMBHocTbio o6pa30BaHMH 

mas ao 96 moji.%. 

OopMyna n3o6peTeHna: 

1. Cnocoo* nonyneHMfl rHAponepOKCHAa 

3TM/l6eH30Jia >KMAKOCf>a3HblM KaTanHTMHeCKUM 

OKMcneHneM 3TM/i6eH3ona 
KkicnopoACOAepxaiUMM ra30M npn noBbiweHHofi 
TeMnepaiype, OTnHHaKDmwtfca TeM, mo b 
KanecTBe KaTartH3aTopa ncnonb3yior cMecb 
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coeAMHeHMfi MeTannoB nocTOAHHotf 
BaneHTHOCTM 1a n/nnii 2a rpynn 3-ro m/kjim 
4-ro nepMOAQB n nepeMeHHOfi saneHTHOc™ 7b 
h/mjim 8b rpynn 4-ro nepnoAa riepMOAHHecKofi 
CMCTeMbi MeHAeneeaa, b3htwx b cyMMapHOM 
KoriMMecTBe b pacMeTe Ha MeTann 0,00010,0031 

Mac. % npM CyMMapHOM BeCOBOM COOTHOUJeHMM 
M6Ta/lJ10B nOCTOHHHOfl Ba/ieHTHOCTH K 

MeTannaM nepeMeHHoti BaneHTHOCTn paBHOM 
300-1 : 1-100. 

2. CnocoG no n.1, OTJiMHaK>mnficfl TeM, hto 
Mcno/ib3yK)T KaTanw3aTop, npeABapmeribHO 
o6pa6oTaHHbifi npn TeMnepaType 0-150°C 
KucnopoA- w/nnn asoTcoAepwainnM 
opraHMHecKMM coeAHHeHneM, m/hjim 
nepeioicHbiM coeAMHeHneM, m/mjim KucnopoAOM, 

H/MflM 030HOM. 

3. Cnoco6 no nn.1 n 2, oTni/iHarotuwCicfl tom, 
hto b KanecTee KMcnopoACOAepxamMX 
opraHnnecKnx coeAHHeHMM ncnonb3yK)T 
opraHnnecKyK) ruAponepeKucb, KeTOH, cnupT, 
KapGoHoayio KucnoTy win mx CMecb, a b 
KanecTBe a3OTC0Aepxamero opraHnnecKoro 
coeAHHeHMfl ncnorib3yK5T ocHosaHue MaHHuxa, 
OKCuxMHonMH-, amain-, AnafiKunrnApOKCunaMHH 
uriM mx cm ecu. 

4. Cnoco6 no nn.1-3, OTnunaKDu^nMCfl TeM, 
hto OKMcneHMe npoaoAflT b KacKaAe H3 3-5 
peaKTOpos npn TeMnepaType 110-160°C. 

5. Cnoco6 no nn.1-4, OTnnHa*omnflcfl TeM, 
hto KaTanu3aTop b boast b peaicrop c 
B03BpaTHblM 3Tnn6eH3onoM. 
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